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Abstract 
 The increasing population in Surabaya has expanded the city’s areas until its suburbs. In 2000, 2.4 million people lived in the
city and this population dramatically increases to be more than 3 million in 2011. The main problem comes from the central 
activities for the communities which have been centralized in the city center while people move to live outside the city. 
Commuters with long distances indicated by travel volumes which are bigger in the streets which connect the city center to its 
suburbs comparing to the streets which connect nodes inside the city have shown the non-resilient city planning which disregards
environmental issues. In 2005, the transportation sector already produced 5,480,000 ton of carbon dioxides and contributed 96% 
from all total emissions in Surabaya.  
 One of the sustainable urban planning concepts which can be adopted to boost the resilience of the Surabaya city is the 
compact city concept. This concept has been viewed as the solution of the urban sprawl and its derived problems. However, 
research are needed before implementing this concept in Surabaya because every city has its own characteristics and there is a 
possibility that Surabaya will have different influences for this concept in reducing its transportation problems. 
 In this paper, the impact of urban compactness in transportation in Surabaya city will be explained. Furthermore, the 
strategies which can be applied to increase the effect of the compact city concept in transportation will be also described. In order 
to do so, this paper is divided into three parts. In the first part, the multidimensional scaling and cluster analysis were used to 
measure the urban compactness in Surabaya. There were twelve variables used in this first part which are population density, 
build up density, residential density, availability of elementary, junior, and senior high school, medical facilities and services, 
working and recreational areas, and population growth rate and migration rate. Based on these variables, Simokerto, Tandes and 
Dukuh Pakis were chosen as the representative of compact, middle, and sprawl areas respectively. In these three representative 
areas, surveys were conducted to identify the effectiveness of compact city in creating resilience city and transportation system. 
In the compact area, the transportation system already shows sustainable patterns with less motorized and more walking and 
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From the data in fig. 1, it can be seen that the biggest trip volumes happen in the streets which connect Surabaya 
with its suburban areas. For example is the Ahmad Yani street which is passed by almost fifty thousand vehicles per 
hour comparing to the street which only connects areas inside Surabaya, such as Dharmawangsa street which only 
has less than ten thousands vehicles per hour (Government of Surabaya, 2005). The high number of motorized 
vehicles used in that mobilization produces a lot of emissions that can increase air pollution level. In Surabaya, 
transportation is the first rank polluter causes air pollution. 5,480,000 ton carbon dioxides can be produced per-year 
by transportation. Overall, 96% emissions which caused air pollution in Surabaya city comes from transportation 
(Rismanda, 2006). 
2. The Literature Review and Methodology in Compact City and Travel Distance  
In order to solve the un-resilience city and transportation system triggered by urban sprawl the transportation 
demand and supply management approaches have been applied. However the strategies which reduce congestion 
often actually trigger more transport demand. Meanwhile the strategies such as one-direction streets could increase 
travel distances (Mahriyar, 2007). Paying attention to this problem, long-term and innovative solution is needed. 
The solution has to be able to solve the urban sprawl itself as the root of all these problems (Mahriyar, 2007).  One 
of the land use based solution which has been recommended to solve this problem is the compact city concept 
(Roychansyah, 2006). The compact form of the city can reduce the distance and the number of mobilization in 
Surabaya (Jenks, 2000). 
There are many research results that provide clues regarding the effectiveness of compact city elements in 
reducing dependency of people to automobile. One of them as can be seen in the Fig. 2. 
Fig. 2. Average Daily Trips per Household based on Density 
According to this survey which was conducted by the San Francisco Bay Area Metropolitan Commission in 
1990, the areas with compact form which has higher density show less trips conducted with automobile. 
Furthermore, this compact form also encourages community to walk and use public transits. The effectiveness of 
compact city which is going to be implemented in developing countries is hoped to have the same values with this 
case. Thus it can reduce the transportation problem which has happened from urban sprawl phenomenon.  
Before applying the compact city concept in Surabaya, identifying the effect of compactness in reducing trip will 
be one of the most important considerations. There will be two steps of research needed to identify this effectiveness 
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and one step to recommend the possible improvements and additional strategies which can be implemented to 
increase this effectiveness of compact city concept in creating resilience city and transportation system. First is the 
measurement of urban compactness for every area in Surabaya. This step has a role to give the description of 
Surabaya’s urban form existing condition. Through this step the level of compactness for every area can be 
identified. Every district in Surabaya will be categorized in 3 classes, which are: compact, middle-compact, and 
sprawl. After this step is finished, 3 representative districts will be chosen. In these 3 representative areas, the 
second step, people mobilization surveys are conducted. Each area with condition of mobilization in the end will 
show the effect of urban compactness in people mobilization in Surabaya. In the last step, the triangulation method 
will be used to identify in what point the effect of compact city concept can be maximized in creating resilient city 
and transportation system. For this last step, interviews with experts (from scholars, practitioners, and governments 
perspectives) were conducted and the results will show whether the compact, middle, and sprawl areas should 
improve their density, mixed use, or intensification indicators. Additionally, compact city supporting strategies (e.g. 
do nothing, road pricing, transit oriented development, urban boundary, and cordon line) were also reviewed to find 
out whether they are appropriate and applicable to maximize the effect of compact city in Surabaya. 
3. The Urban Compactness Measurement  
In urban compactness measurement there are 3 indicators which are used.  These indicators cover the density, 
mixed use, and intensification. These indicators are detailed further to be 12 variables. First, the density indicator 
includes population density, built-up density and residential density variables. The mixed use indicator consists of 
the availability level of elementary school services , senior high school services, junior high school services, health 
facilities services, the number of medical power (medical doctors, dentists, and nurses), percentage of offices or 
working areas in land use, and percentage of recreational or free or green spaces in land use variables. The last is the 
intensification indicator which covers population growth rate and migration rate variables. These variables were 
chosen based on literature reviews in Burton (2001) and Neuman (2005) and also all previous compact city related 
researches conducted in Indonesia in Sadikin (2009) and Kurniadi (2007).  In the first step of analysis, the objects of 
the research are whole 31 districts of Surabaya areas. Data are collected with secondary survey from the Surabaya 
City Master Plan (RTRW Kota Surabaya), and other official documents obtained from Surabaya government 
departments. Obtained data are processed by using the cluster, and multidimensional scaling analysis. 
3.1. Cluster Analysis 
The cluster analysis is used in the first step of analysis. It can categorize the objects based on their characteristics. 
All 12 variables which were obtained from the comparison of literature reviews and previous researches are used in 
this cluster analysis. The output of cluster analysis can be seen in Fig 3. 
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Fig. 3. The cluster analysis result for urban compactness level in Surabaya 
Based on data in this cluster analysis, the characteristics of every cluster can be explained as follows: 
x Cluster 1 characteristics (indicated by the intense black shade): The districts which become members of 
this cluster have the highest number of population density, built-up density, and residential density 
comparing to the other districts. Besides this cluster also has high availability of health facilities, such as 
medical doctor, dentist, and other health expertise. Overall, the districts in this cluster shows high value of 
urban compactness variables. Based on all of these characteristics this area is classified as the compact 
cluster.
x Cluster 2 characteristics (indicated by the medium intensity black shade):  In fact, the districts categorized 
in cluster 2 also show relatively high values for some urban compactness variables, especially in the in-
migration rate, population growth rate, and availability of recreational facilities. Besides this cluster also 
has quite high value of the small health center and senior high school facilities availabilities. However, 
most of these cluster members have relatively small urban compactness variables values comparing to 
districts in cluster 1. Thus this cluster is classified as the sprawl cluster.  
x Cluster 3 characteristics (indicated by the low intensity black shade): The district which is considered as the 
member of this cluster is only Tandes. Therefore the characteristics of this cluster can be seen clearly by 
just observing the characteristics of Tandes district itself. The main characteristic is the availability of 
junior high school facilities which is far away higher comparing to even all of the districts in Surabaya city. 
Besides Tandes also has the medium level of built-up density, availability of elementary school, small 
46   Muhammad Zia Mahriyar and Jeong Hyun Rho /  Procedia - Social and Behavioral Sciences  135 ( 2014 )  41 – 49 
health center facilities, number of medical doctor and health expertise, and also population growth rate 
variables. Based on these characteristics, this cluster can be said to have medium urban compactness level. 
3.2. Multi-Dimentional Scaling (MDS) 
After clusters are formed, further analysis is still needed to identify every district’s urban compactness level. This 
analysis has the purpose to find the extreme nodes which are the most compact district, medium-compact, and most 
sprawl district. The result of this analysis is needed in identification of compact city concept effectiveness in 
Surabaya, and furthermore in formulating the appropriate urban pattern and transportation planning strategies. For 
identifying the urban compactness level in each district, multi-dimensional scaling analysis is used.  
Same case with cluster analysis, the MDS also used 12 urban compactness variables. The objects of analysis were 
31 districts in Surabaya city. They were coded in var 1 to var 31 as can be seen in the Fig 4. 
Fig. 4. The MDS result for urban compactness level in Surabaya 
The result of calculation conducted through this MDS analysis shows that Simokerto has the highest value of 
urban compactness comparing to all areas in Surabaya, while Tandes takes position as the medium-compact area, 
and  the most sprawl area according to this analysis is Dukuh Pakis district. 
4. The Compact City Concept in Creating Resilient City and Transportation System 
The result of MDS analysis provides 3 districts which represent the compact, middle compact, and sprawl areas. 
The random sample surveys were conducted in order to identify people mobilization for each district. The questions 
in the survey are designed not only to identify how long the trips and how many trips which are made, but also with 
what modes the trips have been done. Therefore the comparison of public transport, non-motorized, and walking 
trips are also can be identified. The compact areas are hoped to be able to have less trip comparing to the sprawl 
areas and also higher number in public transportation and non-motorized vehicles used as were shown in results of 
previous studies which indicates the resilient city and transportation system. The overall result for this survey in 
Surabaya can be seen in Table 1. 
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Table 1. Comparison of Transportation Pattern for Each Representative District 
District  
All modals 
 (Km) 
Motor 
cycle
(%) 
Car
 (%) 
Bus
/lyn/
Angkot 
 (%) 
Walking 
 (%) 
Other  
(bicycle+
Pedi cab) 
 (%) 
Weekday 
Simokerto 7.35 61.42 4.44 28.82 1.98 3.34 
Tandes 11.26 89.67 6.46 3.13 0.61 0.13 
Dukuh 
Pakis 7.92 95.81 2.24 1.42 0.53 0.00 
Weekend
Simokerto 4.59 77.18 6.16 9.59 3.15 3.93 
Tandes 13.86 59.81 36.07 2.19 0.40 1.53 
Dukuh
Pakis 17.29 55.95 12.87 26.39 4.77 0.02 
Overall
Simokerto 45.92 64.57 4.78 24.97 2.22 3.46 
Tandes 84.02 79.81 16.23 2.82 0.54 0.60 
Dukuh
Pakis 74.21 77.23 7.19 13.06 2.50 0.01 
Source: Mahriyar, 2010 
Based on the result of overall transportation patterns comparison, it can be concluded that: 
x The average distance of trips in Simokerto, as the representative of compact areas, are relatively lower 
comparing to the other districts and the percentages of public transport and non-motorized vehicles used are 
higher either in weekday, weekend, and overall situations. Therefore we can say that Simokerto has the 
effective urban compactness level to achieve resilient city and transportation system.  
x Tandes and Dukuh Pakis, as representative of middle compact and sprawl areas, have the fluctuation in 
people travel behavior values. If just overall condition is seen, it can be stated that Dukuh Pakis has the better 
people travel behavior pattern. However, if the week day condition is considered, Tandes has the better value 
in term of modal choice and Dukuh Pakis has the better value in average trip distance. In the other hand, in 
weekend condition, Dukuh Pakis has the better value in modal choice and Tandes has the relatively lower trip 
distance comparing to Dukuh Pakis. 
Above analysis show that there are some districts which already have the high urban compactness level which is 
represented by Simokerto as the most compact area. This most compact area also show high effectiveness to create 
resilient city and transportation system where this concept can reduce the dependency of people to use automobiles 
and encourage people to use public transportations or walk and also use non-motorized vehicles such as bicycle or 
pedi cab. 
The less number in overall total trips, higher number in public transport and non-motorized vehicles used in 
Simokerto district indicate that compact city concept is effective in reducing people mobilization in Surabaya city. 
However, there are fluctuation in the middle compact and sprawl areas which indicate that the effectiveness of 
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compact city concept have been not yet reached for middle compact and sprawl areas.  After find these results the 
improvement points and strategies should be formulated in order to give clues for government or policy makers in 
Surabaya to plan more resilient city and transportation system. These improvement points and strategies were 
discussed with several experts through deep interviews. The experts come from scholars, practitioners, and 
government officers to get complete perspectives in the city and transportation planning in Surabaya. The results of 
the discussions are summarized with triangulation analysis in the third step.  
5. Improvement Points and Strategies to Increase The Effect of Compact City Concept in Creating Resilient 
City and Transportation System in Surabaya 
Based on the result of triangulation analysis, the improvement points and strategies which can be implemented 
are as follows: 
x For the area with high urban compactness level, such as Simokerto as one of compact area representatives in 
Surabaya, the point that should be done is to maintain the urban compactness level and prevent the decreasing 
of it. This point can be done by keeping the number of population and prevent them to move outside the 
compact area. In line with this, the vertical build and improvement in mixed use point are recommended. 
Besides, in order to reduce the number of trip, compact city can be synergized with transit oriented 
development and public transport priority strategies where Simokerto and other compact areas generally are 
important transit nodes in Surabaya. These strategies can increase the preferences of communities to choose 
public transit through comfortable inter-modal transit mechanisms.  
x Improvement points and strategies which can be implemented in the middle and sprawl areas are almost the 
same. For Tandes and Dukuh Pakis as the representative of middle and sprawl areas respectively, the effect of 
compact city should be improved by improving the urban compactness level themselves. This can be done by 
improving the mixed use point in Tandes, and improving the density and mixed use points in Dukuh Pakis. 
The improvement of density can be done in low urban compactness areas because generally they still have a 
little number of populations. The areas with medium and low urban compactness level are recommended to 
be directed as sub-city centers of areas with high urban compactness level which tend to be the main activity 
centers at this moment. To strengthen this direction, the transit oriented development also can be applied as 
the effort to increase the area’s accessibility. 
6. Conclusions 
From all of the analysis above, it can be concluded that Surabaya actually already has the area with high urban 
compactness level and these areas are proved to be effective in reducing auto trips and encouraging walking and 
public transit uses, and thus can be implemented further to create resilient city and transportation system. However, 
there are also a lot of areas in Surabaya which still have medium and even sprawl patterns which prevent Surabaya 
to achieve this sustainable resilient city and transportation system. There are several improvement points and 
strategies that can be implemented to improve the effectiveness of compact city concept in Surabaya. For the 
compact area which already shows high effectiveness, the maintaining of urban compactness level, transit oriented 
development, and public transit priority strategies are recommended. In the other hands, for medium and sprawl 
areas, improving the density and mixed use points are necessary to be done in order to improve the compact city’s 
effectiveness in creating resilient city and transportation system in Surabaya. 
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